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INTRODUCTION 
The hydrolysate of egg albumin contains cysteine (Mirsky and Anson, 
1935).  Denatured but unhydrolyzed egg albumin gives the nltroprusside 
test for SH (Hefter, 1907) and reduces the weak oxidizing agents glutathione 
and cystine, which presumably can oxidize only SH groups (Hopkins, 1925; 
Mirsky and Anson, 1935). 
No SH groups have hitherto been detected in native egg albumin.  Na- 
tive egg albumin does not give the  nltroprusside test  (Hefter,  1907).  It 
does not reduce ferricyanide even at pH 9.6  (Mirsky and Anson, 1936 b). 
It does not reduce the still stronger  oxidizing agent, porphyrindin at pH 
7.0  (Greenstein, 1938). 
Similarly S-S groups (Walker, 1925) and tyrosine and tryptophane groups 
(Mirsky and Anson, 1936) which are detectable in denatured egg albumin 
are not detectable by the same tests in native egg albumin.  The problem 
of why various  groups  appear  in  detectable form  when egg albumin is 
denatured is one of the central problems of the theory of protein structure. 
The present experiments show that native egg  albumin can react with 
iodine and iodoacetamide despite the fact that it does not react with ferri- 
cyanide and porphyrindin.  They suggest further that the groups which 
react with iodine and iodoacetamide are either SH groups or are at least 
the groups which become SH groups when the protein is denatured. 
Quite apart from the theory of the iodine and iodoacetamide reactions 
it is of practical importance for experiments with enzymes and virus proteins 
to know that a  protein of the egg albumin type which contains cysteine 
but which gives a nitroprusside test only when denatured can be modified 
by reactions of the native form of the protein with iodine and iodoacetamide. 
* A brief account of the reactions of iodine and iodoacetamide with native egg albumin 
has been published in Science (Anson, 1939  a). 
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If  the  iodine  reaction  is  carried  out  in  acid  solution,  furthermore,  this 
modification of the native protein can be carried out without any reaction 
of iodine with tyrosine groups. 
The reactions between native egg albumin and iodine and iodoacetamide 
which will be described provide new facts which must be explained by any 
theory of the  structure  of native  egg albumin  and  of the  reason  for  the 
appearance of the nitroprusside  test when the protein is denatured. 
TABLE .I 
Amount  of Ferrlcyanide Reduced by  10 Mg. Denatured Egg Albumin  in Duponol PC 
Solution after Reaction of Egg Albumin in Native Form with Iodine 
at 37°C. for 5 Minutes 
pH at which iodine is added  Iodine added  Ferrocyanide  formed 
6.8 
6.8 
6.8 
6.8 
4.7 
4.7 
3.2 
3.2 
milliequivalents 
0.0 
0.001 
0.002 
0.004 
0.001 
0.002 
0.001 
0.0015 
miUiequiealents 
O.OO1 
0.00046 
O. 00024 
0.00010 
0.00027 
0.0001 
0.00017 
O. 0001 
The Reactions  of Iodine  and  Iodoacetamide  with  Native  Egg Albumin 
10 rag.  of denatured  egg albumin  in  a  neutral  solution  containing  the 
detergent  Duponol PC reduces 0.001  mM of ferricyanide.  This reduction 
of ferricyanide is due in part at least to SH groups (Anson, 1939b). 
If native  egg  albumin  is  treated  with iodine  and  then  denatured,  the 
denatured protein does not give the nitroprusside test and does not reduce 
dilute ferricyanide in neutral  Duponol solution.  1 cc. of 0.0015 1~ iodine 
is required to abolish the ferricyanide reaction with denatured egg albumin, 
if the reaction between iodine and 10 mg. of native egg albumin is carried 
out at pH 3.2.  If the reaction is carried out at pH 6.8,  1 ce. of 0.004 N 
iodine is required (see Table I).  In both cases all the iodine added is used 
up in  the reaction with native egg albumin. 
If native egg albumin is treated with iodoacetamide at pH 9.0 and then 
denatured,  the denatured protein reduces only 60 per cent as much ferri- 
cyanide as is reduced by denatured egg albumin which has not been treated 
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The  Reactions  of Iodine  and  Iodoacetamide  with  Amino  Acids  and 
Cysteine-Free Proteins 
Before discussing  the  interpretation  of  the  reactions  of  native  egg  al- 
bumin  with  iodine  and  iodoacetamide  I  shall  state  what  is  known  from 
previous experiments  and  new  experiments  about  the  reactions of iodine 
and iodoacetamide with amino acids and with proteins which do not contain 
cysteine.  The results of the new experiments are given in Table II. 
Iodine.--Briefly,  iodine  can  react  with  cysteine  in  acid  solution  and 
destroy the reducing group.  Dilute iodine  does not react at pH  3.2 with 
cystine, tyrosine, or histidine or, so far as is known, with these amino acids 
TABLE II 
Iodine Consumed by Amino Acids and Cysteine-Free Protelns at 37°C. 
Amount  Iodine  Amino  acid or protein  iodine added  pH  Time  consumed 
0.001 mM cysteine  ................. 
0.001 mM cysteine  ................. 
0.001 mM cysteine  ................. 
0.0005 mM cystine ................ 
0.001 mM tyrosine ................. 
0.001 mM histidine ................ 
0.001 mM tryptophsne ............. 
0.001 mM tryptophane ............. 
10 rag. chymotrypsinogen  ........... 
10 rag. chymotrypsinogen  ........... 
10 rag. gelatin ..................... 
milliegui~alogs 
~mMX2 
0.006 
0.010 
0.006 
0.0015 
0.008 
0.008 
0.004 
0.006 
0.001 
0.002 
0.0015 
3.2 
3.2 
2.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.4 
3.4 
3.2 
5 
30 
5 
15 
15 
5 
5 
5 
5 
5 
5 
milliegui~alents 
0.006 
0.0058 
0.006 
0.0 
0.0 
0.0 
0.004 
0.0041 
0.0 
0.00004 
0.00002 
in  proteins.  Iodine  does  react  with  free  tryptophane  in  acid  solution 
but  does  not  destroy  the  reducing  group.  Furthermore,  in  the  cases 
studied iodine in acid solution does not react with tryptophane when the 
tryptophane is part of a native protein. 
It has been repeatedly shown that iodine oxidizes cysteine in acid solution 
and  that the  SH is oxidized beyond the  S-S  stage.  At pH  3.2 in 0.01  N 
acetic  acid  I  have  found  that  one  molecule  of  cysteine  consumes  three 
molecules  of  iodine, which  corresponds  to  the  formation of  cysteic acid, 
RSO3H. 
Although  dilute  iodine  in  acid  solution  can  oxidize  cysteine  beyond 
the S-S stage, it does not react with cystine at all in 0.01 N HC1 (Dowler, 
1928)  or,  as  I  have  found,  in  0.01  N  acetic  acid.  Apparently  the  first 
product  of  the  oxidation  of  cysteine  by  iodine  is  not  cystine  but  some 324  REACTIONS  OF  IODINE  ANI)  IODOACETAMIDE 
other  substance  which  is  oxidized  further  by  iodine  more  readily  than 
cystine. 
The experiments with iodine do not establish the nature of the reactive 
intermediate product.  A likely hypothesis is that RSH is first converted 
into the free radical,  RS  (HeUerman, 1937)  which can either dimerize to 
RS-SR  or  react  further  with  iodine.  Sch6nberg,  Rupp,  and  Gumlich 
(1933)  have given evidence that RS radicals can exist under certain con- 
ditions.  Another possibility  is  that  RSH  is  first  converted into  RSOH 
(Toennis, 1937). 
Theoretically in order to oxidize the free radical RS with the least inter- 
ference from dimerization to  RS-SR  one should  add an excess of iodine 
all at once to a dilute solution of RSH.  These conditions are not fulfilled 
in the ordinary iodine titration of cysteine and so less than six equivalents 
of iodine are used up per molecule of cysteine. 
If one molecule of iodine reacts with one molecule of RSH then a  free 
radical is formed not only from the RSH but also from the iodine. 
The two step oxidation of RSH to  RS-SR and of I- to I2 resembles the 
two step oxidation of dyestuffs discussed by Michaelis and Schubert (1938) 
in  that  an  apparently  trimolecular reaction really  consists of  successive 
bimolecular  reactions  with  the  intermediate  formation  of  free  radicals. 
In the oxidation of dyestuffs, however, two electrons are removed from a 
single  molecule whereas in  the  oxidation  of  RSH  and  I-  two  electrons 
are  removed from  two  separate  particles.  Furthermore,  the  oxidation- 
reduction  systems  discussed  by  Michaelis  and  Schubert are equilibrium 
systems  and  the  techniques used  to study them are based on this  fact. 
The system formed when iodine is added to cysteine is not an equilibrium 
system.  There  are  other  oxidation-reduction  systems  formed  by  the 
addition of iodine, however, which are equilibrium systems. 
On the practical side, it may be possible to use iodine to oxidize the SH 
of intact protein beyond the S-S  stage without any oxidation of the S-S 
groups present.  The  S-S  groups  could  then,  either  before or after hy- 
drolysis, be reduced to SH and estimated without any interference from the 
original SH groups which have been abolished by the reaction with iodine. 
Iodine not only does not react with free cystine in acid solution but does 
not react with insulin which is rich in cystine. 
At pH 3.0 iodine does not react with pure tyrosine or with pepsin which 
contains tyrosine.  In neutral solution iodine converts both pure tyrosine 
and the tyrosine of pepsin  into  diiodotyrosine.  Diiodotyrosine, like  ty- 
rosine itself, reduces the phenol reagent in alkaline solution (Herriott, 1937). 
Dilute iodine does not react with histidine in 0.01 ~  acetic acid. M.  L.  ANSON  325 
Iodine reacts with tryptophane in 0.01 N acetic acid.  Two molecules 
of iodine are consumed per molecule of tryptophane which corresponds to 
the formation of one molecule of diiodotryptophane and two molecules of 
HI.  The tryptophane treated with iodine,  like  untreated tryptophane, 
reduces the phenol reagent.  At pH 3.4, dilute iodine does not react with 
native chymotrypsinogen, which seems very rich in tryptophane.  Chymo- 
trypsinogen gives 4.3 times as much color as casein with the Bates (1937) 
modification of the May and Rose tryptophane reaction  (Bates, private 
communication). 
In the experiments on the reactions of iodine and amino acids a  new 
colorimetric method for the estimation of iodine is used which can also 
be applied to the estimation of small amounts of iodide such as are liberated 
in the reaction between iodoacetamide and SH groups.  It has long been 
known that iodine can be estimated by the blue color it gives with starch 
provided iodide is added to suppress the dissociation of the starch-iodine 
complex.  I  have found  that  half  saturated  ammonium sulfate  can  be 
substituted for the iodide.  When ammonium sulfate is  used instead of 
iodide, iodide can be estimated colorimetrically after it has been oxidized 
to iodine with iodate.  It is, of course, necessary that the iodide solution 
be free of traces of protein or protein split products which can react with 
iodine. 
Iodoacetamide.--Iodoacetamide reacts with SH groups with the liberation 
of iodide (Dickens, 1933; Rapkine, 1933). 
RSH -{- ICI-I2CONI-I2  =  RSCH~CONH~ +  HI 
Iodoacetamide also reacts with amino groups, although more slowly than 
with  SH  groups  (Michaelis  and  Schubert,  1934).  No  other  reactions 
between iodoacetamide and protein groups are known. 
DISCUSSION 
There are three different theories which are in harmony with the fact 
that denatured but not native egg albumin gives a nitroprusside test for 
SH groups. 
1.  The  SH  groups of native egg albumin are free and  accessible  but 
relatively unreactive.*  On this basis the SH groups of egg albumin become 
, By reactivity I  mean the observed rate and extent of reaction with a  particular 
reagent under particular conditions.  I  do not mean the oxidation-reduction potential 
or the equilibrium with some activated form, neither of which can be calculated from 
the present experimental data. 
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more  reactive  when  the  protein  is  denatured  because  of  changes  in  the 
structure of the protein near the SH groups. 
Mirsky and Anson  (1936 a) pointed out that the effect of the denatura- 
tion of hemoglobin is simply to extend to the acid side the pH at which the 
SH groups can be oxidized by ferricyanide. 
2.  Native  egg  albumin  does not  contain  any  free  SH  groups.  When 
the  protein  is  denatured  SH groups  are formed by  the  breaking  of  S-S 
linkages  (Burk,  1937)  or by the breaking of some as yet unidentified  SH 
linkages  (Greenstein,  1938). 
3.  The SH groups of native egg albumin exist as SH groups but are in- 
accessible  (Mirsky,  1938).  When  the  protein  is  denatured  it  is  opened 
up and the SH groups become accessible. 
The  present  experiments  on  the  reaction  of iodine  and  iodoacetamide 
with  native  egg albumin  and  with  various amino  acids and  cysteine-free 
proteins  are most simply explained  by the  theory that  the  SH groups of 
native  egg albumin  are  free and  accessible but  relatively  inactive.  The 
other  two  theories,  which  are  based on  the  fact  that  the  SH groups  of 
native egg albumin are not oxidized by ferricyanide, are not definitely dis- 
proven.  If the other two theories are to explain the new facts about the 
reactions of native egg albumin with iodine and iodoacetamide, however, 
they must  include  additional  assumptions  for which  there is,  at present, 
no independent evidence.  The linked SH theory has to assume that iodine 
and iodoacetamide can react with linked  SH groups under the conditions 
of the egg albumin experiments.  The inaccessibility theory has to assume 
that  the  interior  of  the  molecule  of  native  egg  albumin,  although  inac- 
cessible to ferricyanide, is accessible to iodoacetamide and iodine.  Such a 
difference is not out of the question since ferricyanide, unlike iodoacetamide 
and iodine,  carries a  charge.  It should be pointed out, furthermore,  that 
the  inaccessibility  theory  has  two  advantages.  There  is  independent 
evidence  that  the  protein  molecule  opens  up  on  denaturation.  And  a 
single  explanation  is  provided  for  the  appearance  on  denaturation  of 
many different protein groups in more reactive form. 
In general,  the information  at present available does not permit certain 
conclusions about the exact state of the sulfur groups of native egg albumin. 
Quite  apart  from  any  theory  of the  state  of the  sulfur  groups  of native 
egg albumin,  however, it is now clear at least that,  contrary to what was 
have the same effect on the ease with which the protein's  SH groups are oxidized by 
ferricyanide as on the ease with which the SH groups are oxidized by some other oxidizing 
agent or the ease with which the SH groups react with iodoaeetamide. M.  L.  Aa~SON  327 
previously supposed, reactions of egg albumin with some SH reagents are 
possible  even when the protein is  native.  It  can  also  be  said  that  the 
theory that the SH groups of native egg albumin are free and accessible 
far from being disproven by the facts, as seemed to be the case, now pro- 
vides the simplest explanation for the new observations. 
Urease and Papain.--Crystalline  urease  gives  a  positive  nitroprusside 
test and is inactivated by SH reagents such as copper and mercury salts 
and iodoacetamide.  These results suggest that  the activity of urease is 
dependent on the intactness of SH groups.  Despite  the facts, however, 
that urease gives a  nitroprusside test and is inactivated by heavy metal 
salts  and iodoacetamide, it is  not  inactivated by iodoacetate and  ferri- 
cyanide  (Hellerman,  1937). 
The apparent contradictions found in the study of urease are now under- 
stood.  There  are  SH  compounds which react much more readily with 
iodoacetamide  than  with  iodoacetate  (Smythe,  1936).  There are  SH 
groups in native egg albumin, as shown in the present experiments, which 
are not oxidized by ferricyanide and yet are abolished by iodoacetamide. 
Finally, the activity of urease is not dependent on those relatively reactive 
SH groups of urease which give the nitroprusside test but on some different 
relatively unreactive SH groups which do not give the nitroprusside test. 
If just enough porphyrindin is added to oxidize the SH groups which give 
the nitroprusside test, the urease is still active and it can still be inactivated 
by  p-chlorrnercuribenzoic  acid  (Hellerman,  1939). 
Balls and Lineweaver (1939a)  have isolated papain and found that the 
pure enzyme does not give a nitroprusside test but is inactivated by cystine 
and  iodoacetate.  They have  further  (1939b)  repeated  with  papain the 
kind of experiment which had been done with egg albumin and have found 
that  papain  treated with  cystine or iodoacetate and  then  denatured no 
longer has any SH groups which can be detected with nitroprusside or by 
iodine titration. 
In general, there seem to be in different native proteins and sometimes 
in a  single protein SH groups of different degrees of reactivity.  The SH 
groups of native muscle protein give a  nitroprusside test  (Arnold,  1911). 
The SH groups of papain do not give a nitroprusside test but are oxidized 
by  the weak oxidizing agent,  cystine.  There  are  SH  groups  in  egg  al- 
bumin  and  urease  which do  not  react  with  nitroprusside  or  even with 
ferricyanide but  still  react  with  iodoacetamide.  Thus  for  the  present 
one should refer to protein SH groups merely as detectable or not detectable 
and further specify what reagent is used for the detection and under what 
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Application to Viruses.--A few preliminary experiments have been made 
on  the  effects of  iodine  and  iodoacetamide  on  viruses. 
5 mg. of tobacco mosaic virus was treated with 1 cc. of 0.0004 N iodine 
at pH 2.8.  The virus after the iodine treatment had roughly its original 
activity.  Further  experiments  are  required  to  find  out  just  how  much 
the virus was modified by the iodine absorbed, and to find out whether the 
biological  properties  of  the  virus  have  been  changed.  In  particular  it 
would  be  interesting  to  know  whether  a  plant  infected by  the  modified 
virus produces the original virus. 
In previous experiments in which it was shown that the tobacco mosaic 
virus was modified by chemical means, the virus was inactivated (Stanley, 
1938).  It  has  been shown in this  laboratory, however, that  the  enzyme 
proteins, pepsin  (Herriott and Northrop, 1934), carboxypeptidase (Anson, 
1937), and chymotrypsin (Kunitz,  1938) can be modified without destruc- 
tion of the  enzymatic activity. 
The tobacco mosaic virus and  the rabbit papilloma virus are not inac- 
tivated by iodoacetamide at pH 8.0.  The iodoacetamide was removed by 
dialysis before the activity tests.  It would be desirable to test the effect 
of iodoacetamide  on  a  virus  in  more  alkaline  solution,  choosing  a  virus 
which is stable in more alkaline solution. 
I  am indebted to Drs. A. F.  Ross and W.  M.  Stanley for the measure- 
ments  of tobacco mosaic  virus  activity  and  to  Dr.  R.  E.  Shope  for the 
measurements of papilloma virus activity. 
EXPERIMENTAL 
A  previous paper  (Anson,  1939 b)  describes the preparation of the solu- 
tions of egg albumin, ferricyanide, iodoacetamide, and iodine. 
The starch solution is prepared as follows.  2 gin. of Eastman's soluble starch are 
dissolved in 100 cc. of water.  The solution is heated to boiling and then kept boiling 
1-5 minutes.  This solution is made up anew each day.  Various  Baker, Merck, and 
PfanstieM starches which were tried either did not give perfectly clear solutions  or 
gave less color with iodine than Eastman's starch.  Whether these differences are due 
to differences in starting material and in manufacturing methods or simply to differences 
in individual batches I  do not know. 
Iodine Plus Native Egg A lbumin.--Table I shows the amounts of ferrocyanide formed 
when native egg albumin is treated with iodine under various conditions and then ferri- 
cyanide is added in the presence of Duponol PC. 
I  shall describe first the experiments carried out at pH 6.8.  0.2 cc. of 1 ~r pH 6.8 
sodium phosphate buffer and 1 cc. of iodine solution are added to 1 cc. of 1 per cent 
dialyzed egg albumin.  The solution is allowed  to stand for 5 minutes at 37°C. and 
then there are added 0.3 cc. of 10 per cent Duponol PC and 1 cc. of 0.01 M ferricyanide. M.  L. ANSON  329 
After the solution has stood for 10 minutes at 37°C.  the ferrocyanide formed is esti- 
mated as already described (Anson, 1939 b). 
When the experiment is carried out at pH 4.7, 0.2 cc. of 1 g  acetate buffer containing 
equal parts acetic acid and sodium acetate is added instead of the phosphate buffer. 
Before the addition of Duponol PC and ferricyanide, 3 drops of 0.5 N NaOH and the 
phosphate buffer are added. 
When the experiment is carried out at pH 3.2,  1 cc. of 1 per cent egg albumin is 
brought to pH 3.2 (as measured by the quinhydrone electrode) with 0.7 cc. of 0.01 N HCI. 
In none of the cases can the yellow color of iodine be detected after iodine is added 
to the native albumin.  At pH 3.2 twice as much iodine as the 1 cc. of 0.0015 N iodine 
used can be added without the appearance of the iodine color.  In water solution the 
color of 1 cc. of 0.0002 N iodine can readily be detected. 
Iodoacetamide  Plus Native Egg  Albumin.--There  are added to 4  cc.  of 4  per cent 
dialyzed egg albumin, 2.6 co. of 0.06 x~ iodoacetamide, 0.2 co. of 0.5 N NaOH, 0.7 co. 
of water, and 0.5 cc. of a pig 9.0 borate buffer consisting of 8.5 parts 0.4 M sodium borate 
and 1.5 parts 0.4 N I-ICI.  The solution is allowed to stand 30 minutes at 25°C.  To 
0.5 co. of the solution containing 10 nag. of egg albumin there are added 1 drop 0.1 N 
HCI, 0.2 cc. of 1 M pig 6.3 sodium phosphate buffer, 0.5 co. of 0.1 M ferricyanide, and 
0.6 cc. of 10 per cent Duponol PC.  The solution is allowed to stand 10 minutes at 
37°C. and the amount of ferrocyanide formed is found to be 0.0006 raM. 
If the whole procedure is carried out with the omission of the iodoacetamide 0.001 mM 
of ferrocyanide is obtained.  This shows that the reducing groups are stable at pH 9.0 
in the absence of iodoacetamide.  The same result is obtained if iodoacetamide is added 
together with ferricyanide after the neutralization or if iodoacetamide is added to a 
pH 6.3 Duponol PC solution of denatured egg albumin and ferricyanide is added 1 min- 
ute  later.  This  shows  that  iodoacetamide does  not  interfere with  the  ferricyanide 
reaction in Duponol solution. 
If the egg albumin is quarter saturated with ammonium sulfate after it has stood 
at pig 9.0 only a slight turbidity is obtained, indicating very little denaturation. 
If 1 cc. of 0.4 M ferricyanide is added to the 4 cc. of 4 per cent egg albumin instead 
of the iodoacetamide, about 0.00005 mM  of ferrocyanide is formed in 30 minutes at 
pig 9.0 from each 10 mg. of albumin, again indicating very little denaturation. 
Iodine Plus Amino Acids and  Cysteine-Free  Proteins.--Table  II shows how much 
iodine is consumed when iodine is added under different conditions to various amino 
acids and to several native proteins which do not contain cysteine.  An excess of iodine 
is added and the amount of iodine left is estimated by the blue color given with starch. 
The starch-iodine color reaction is carried out in 10 cc. of solution containing about 
1 co. of 0.001  N I~, 0.5 CC. of 2 N I-I2SO4, 1 co. of starch solution, and either 1 cc. of 3.85 x~ 
KI (Woodward, 1934)  or 5 co. of saturated ammonium sulfate.  K1 is used only when 
the protein is precipitated by ammonium sulfate.  The color is read after 5 minutes 
against an iodine standard or against a  blue glass standard which has been calibrated 
against an iodine standard.  When the Klett photoelectric colorimeter is used the blue 
glass need not match the blue starch-iodine color.  When a  visual colorimeter and a 
glass standard are used, it is necessary to insert a  color filter such as Coming No. 241 
which transmits fairly monochromatic red light. 
Reducing  Power of Tryptophane  Treated with Iodine.--1  cc. of 0.001  ax tryptophane 
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of tryptophane treated in 0.01 N acetic acid with 1 cc. 0.003 •  iodine or 1 cc. 0.007 
iodide.  The color reaction is carried out according to the directions of Folin  and Cio- 
calteu (1927).  Tryptophane gives the same color as an equivalent amount of tyrosine, 
which is a check on the purity of the tryptophane used. 
SUMMARY 
The following  experimental results  have been obtained. 
i. Native egg albumin treated  with iodine  and thcn denatured no longcr 
gives  a nitroprussidc  test  or reduces dilute  fcrricyanide  in ncutral  Duponol 
PC solution. 
2. More iodine  is  needed to abolish  the  fcrricyanide  rcduction  if  the  reac- 
tion between native egg albumin and iodinc  is carried  out at pH 6.8 than 
if the reaction  is carried  out at pH 3.2.  At pH 6.8 iodinc reacts  with 
tyrosine  as well  as with cystcinc. 
3. Cysteinc and tryptophane arc the only amino acids with reducing 
groups which arc known to react  with dilute  iodine  at pH 3.2  Thc rcduc- 
ing power of cystcinc  is abolished  by the reaction  with iodine,  whereas the 
reducing power of tryptophanc remains intact. Pepsin and chymotryp- 
sinogcn which contain tryptophane but not cystcinc,  do not react at all 
with dilute  iodine  at pH 3.2. 
4. Native egg albumin treated  with iodoacctamide at pH 9.0 and thcn 
denatured by Duponol PC reduces  only 60 per cent  as much dilute  ferri- 
cyanide as egg albumin which has not been treated with iodoacetamidc. 
5. The SH group is the only protein reducing group which is known 
to react with iodoacetamide. 
The simplest  explanation of the ncw observation that  thc SH groups of 
egg albumin can bc modified by reactions  with thc nativc form of thc pro- 
tcin is that the nativc egg albumin has frcc  and acccssiblc  but relatively 
unreactive SH groups which can react  with iodine  and iodoacctamidc de- 
spite the fact that they do not react with fcrricyanide,  porphyrindin, or 
nitroprusside. 
Preliminary  experiments  suggested by the results with egg albumin 
indicate that the tobacco mosaic virus  is modified by iodine at pH 2.8 
without being inactivated  and that  thc tobacco mosaic and rabbit papil- 
loma viruses  arc not inactivated  by iodoacctamidc at pH 8.0. 
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